CHRONIC TOXICITY SUMMARY

HYDROGEN SULFIDE

(hydrogen sulphide; dihydrogen sulfide; dihydrogen monosulfide; sulfur hydride; sulfureted hydrogen;
hydrosulfuric acid)

CASregistry number: 7783-06-4

l. Chronic Toxicity Summary

Inhalation reference exposure level 10 my/m* (8 ppb)
Critical effect(s) Nasal histological changesin B6C3F1 mice
Hazard index target(s) Respiratory system

1. Physical and Chemical Properties (HSDB, 1999)

Description Colorless gas

Molecular formula H,S

Molecular weight 34.08

Density 14g/lL @25° C(ar=1) (AIHA, 1991)

Boiling point -60.7° C (CRC, 1994)

Melting point - 85.5°C (CRC, 1994)

Vapor pressure 15,600 torr @ 25°C

Solubility Soluble in water, hydrocarbon solvents, ether, and ethanol
Odor threshold 8.1 ppb (11 ny/m®) (Amoore and Hautala, 1983)
Odor description Resembles rotten eggs

Conversion factor 1 ppm=1.4mg/m’ @ 25° C

1. Major Usesor Sources

Hydrogen sulfide (H,S) is used as a reagent and an intermediate in the preparation of other reduced sulfur
compounds (HSDB, 1999). It isaso aby-product of desulfurization processesin the oil and gas industries
and rayon production, sewage treatment, and leather tanning (Ammann, 1986). The annual statewide
industrial emissions from point sources at facilities reporting under the Air Toxics Hot Spots Act in
California based on the most recent inventory were estimated to be 5,688,172 pounds of hydrogen sulfide
(CARB, 1999).

V. Effects of Human Exposure

Although numerous case studies of acutely toxic effects of H,S exist, there is inadegquate occupational or
epidemiological information for specific chronic effects in humans exposed to H,S.

Bhambhani and Singh (1991) showed that 16 healthy subjects exposed for short durationsto 5 ppm
(7 mg/m®) H,S under conditions of moderate exercise exhibited impaired lactate and oxygen uptake in the

blood. Bhambhani and Singh (1985) reported that exposure of 42 individualsto 2.5to 5 ppm (3.5to
7 mg/m®) H,S caused coughing and throat irritation after 15 minutes.



In another study, ten asthmatic volunteer subjects were exposed to 2 ppm H,S for 30 minutes and
pulmonary function was tested (Jappinen et al., 1990). All subjects reported detecting “very unpleasant”
odor but “rapidly became accustomed to it.” Three subjects reported headache following exposure. No
significant changesin mean FVC or FEV 1 were reported. Although individual values for specific airway

resistance (SRa,) Were not reported, the difference following exposure ranged from - 5.95% to +137.78%.
The decrease in specific airway conductance, SG,,, ranged from -57.7% to +28.9%. Theincreasein mean
SRay and decrease in mean SG,, were not statistically significant.

Kilburn and Warshaw (1995) investigated whether people exposed to sulfide gases, including H,S, as a
result of working at or living downwind from the processing of "sour" crude oil demonstrated persistent
neurobehavioral dysfunction. They studied thirteen former workers and 22 neighbors (of a California
coastal oil refinery) who complained of headaches, nausea, vomiting, depression, personality changes,
nosebleeds, and breathing difficulties. Their neurobehavioral functions and a profile of mood states were
compared to 32 controls (matched for age and educational level). The exposed subjects mean values were
statistically significantly different (abnormal) compared to controls for several tests (two-choice reaction
time; balance (as speed of sway); color discrimination; digit symbol; trail-making A and B; immediate
recall of astory). Their profile of mood states scores were much higher than those of controls. Visual
recall was significantly impaired in neighbors, but not in the former workers. The authors concluded that
neurophysiological abnormalities were associated with exposure to reduced sulfur gases, including H,S
from crude oil desulfurization.

Xu et al. (1998) conducted a retrospective epidemiological study in alarge petrochemical complex in
Beijing, Chinain order to assess the possible association between petrochemical exposure and spontaneous
abortion. The facility consisted of 17 major production plants divided into separate workshops, which
alow for the assessment of exposure to specific chemicals. Married women (n = 2853), who were 20-44
years of age, had never smoked, and who reported at least one pregnancy during employment at the plant,
participated in the study. According to their employment record, about 57% of these workers reported
occupational exposure to petrochemicals during the first trimester of their pregnancy. Therewas a
significantly increased risk of spontaneous abortion for women working in all of the production plants with
frequent exposure to petrochemicals compared with those working in nonchemical plants. Also, when a
comparison was made between exposed and non-exposed groups within each plant, exposure to
petrochemicals was consistently associated with an increased risk of spontaneous abortion (overall odds
ratio (OR) = 2.7 (95% confidence interval (Cl) = 1.8 to 3.9) after adjusting for potential confounders).
When the analysis was performed with the exposure information obtained from interview responses for
(self reported) exposures, the estimated OR for spontaneous abortions was 2.9 (95% CI = 2.0 to 4.0).
When the analysis was repeated by excluding those 452 women who provided inconsistent reports between
recalled exposure and work history, a comparable risk of spontaneous abortion (OR 2.9; 95% Cl =2.0to
4.4) wasfound. In analyses for exposure to specific chemicals, an increased risk of spontaneous abortion
was found with exposure to most chemicals. There were 106 women (3.7% of the study population)
exposed only to hydrogen sulfide, and the results for hydrogen sulphide (OR 2.3; 95% Cl = 1.2 to 4.4) were
significant. No hydrogen sulfide exposure concentration was reported.

Four workers were exposed for several minutes to concentrations of hydrogen sulfide sufficient to cause
unconciousness. Four other workers were exposed chronically to H,S and developed lacrimation, eye
irritation, nausea, vomiting, headache, sore throat, and skin irritation but retained conciousness as the result
of a150-minute release. Both groups were subjected to olfactory testing 2 to 3 years later (Hirsch and
Zavala, 1999). Six of eight workers showed deficitsin odor detection and identification, with the workers
who had experienced unconciousness most severely affected in the followup tests.

Three patients exposed acutely to unknown concentrations of hydrogen sulfide devel oped persistent
cognitive impairment (Wasch et al,. 1989). While standard neurological and physical examinations were
unremarkable, al three subjects had prolonged P-300 latencies and persistent neurological and
neurobehavioral deficits.

V. Effects of Animal Exposure



Rats (Fischer and Sprague-Dawley, 15 per group) were exposed to 0, 10.1, 30.5, or 80 ppm (0, 14.1, 42.7,
or 112 mg/m®, respectively) H,S for 6 hours/day, 5 days/week for 90 days (CII T, 1983a,b). Measurements
of neurological and hematological function revealed no abnormalities due to H,S exposure. A histological
examination of the nasal turbinates also revealed no significant exposure-related changes. A significant
decrease in body weight was observed in both strains of rats exposed to 80 ppm (112 mg/m?).

In a companion study, the Chemical Industry Institute of Toxicology conducted a 90-day inhalation study
in mice (10 or 12 mice per group) exposed to 0, 10.1, 30.5, or 80 ppm (0, 14.1, 42.7, or 112 mg/m®,
respectively) H,S for 6 hours/day, 5 days/week (CIIT, 1983c). Neurological function was measured by
tests for posture, gait, facial muscle tone, and reflexes. Ophthalmological and hematological examinations
were also performed, and a detailed necropsy was included at the end of the experiment. The only
exposure-related histological lesion was inflammation of the nasal mucosa of the anterior segment of the
noses of mice exposed to 80 ppm (112 mg/m®) H,S. Weight loss was also observed in the mice exposed to
80 ppm. Neurological and hematological tests revealed no abnormalities. The 30.5 ppm (42.5 mg/m?)
level was considered the NOAEL for histological changesin the nasal mucosa. (Adjustments were made
by U. S. EPA to this value to calculate an RfC of 0.9 ng/m®.)

Fischer F344 ratsinhaled 0, 1, 10, or 100 ppm hydrogen sulfide for 8 hours/day for 5 weeks (Hulbert et al,
1989). No effects were noted on baseline measurements of airway resistance, dynamic compliance, tidal
volume, minute volume, or heart rate. Two findings were noted more frequently in exposed rats: (1)
proliferation of ciliated cellsin the tracheal and bronchiolar epithelium, and (2) lymphocyte infiltration of
the bronchial submucosa. Some exposed animals responded similarly to controls to aerosol methacholine
challenge, whereas a subgroup of exposed rats were hyperreactive to concentrations as low as 1 ppm.

Male rats were exposed to 0, 10, 200, or 400 ppm H,S for 4 hours (Lopez et al., 1987). Samples of
bronchoalveolar and nasal lavage fluid contained increased inflammatory cells, protein, and lactate
dehydrogenase in rats treated with 400 ppm. Lopez and associates later showed that exposure to 83 ppm
(116 mg/m?®) for 4 hours resulted in mild perivascular edema (Lopez et al., 1988).

A study by Saillenfait et al. (1989) investigated the developmental toxicity of H,Sinrats. Ratswere
exposed 6 hours/day on days 6 through 20 of gestation to 100 ppm hydrogen sulfide. No maternal toxicity
or developmental defects were observed..

Hayden et al. (1990) exposed gravid Sprague-Dawley rat dams continuously to 0, 20, 50, and 75 ppm H,S
from day 6 of gestation until day 21 postpartum. The animals demonstrated normal reproductive
parameters until parturition when delivery time was extended in a dose dependent manner (with a
maximum increase of 42% at 75 ppm). Pups which were exposed in utero and neonatally to day 21
postpartum devel oped with a subtle decrease in time of ear detachment and hair development and with no
other observed change in growth and development through day 21 postpartum.



VI. Derivation of Chronic REL

Sudy CIIT, 1983c

Sudy population B6C3F1 mice (10-12 per group)

Exposure method Discontinuous inhalation

Critical effects Histopathological inflammatory changesin the nasal
mucosa

LOAEL 80 ppm (112 mg/m®)

NOAEL 30.5 ppm (42.5 mg/m?)

Exposure continuity 6 hours/day, 5 days/week

Exposure duration 90 days

Average experimental exposure 5.4 ppm for NOAEL group (30.5 x 6/24 x 5/7)

Human equivalent concentration 0.85 ppm (gas with extrathoracic respiratory effects, RGDR

= 0.16, based on mouse
MV, = 0.033 L/min; MV, = 13.8 L/min; SA(ET) =
3.0 cm?; Sa(ET) = 200 cm®) (U.S. EPA, 1994)

LOAEL uncertainty factor 1

Subchronic uncertainty factor 3

I nter species uncertainty factor 3

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 100

Inhal ation reference exposure level 8 ppb (10 ng/m®)

The adverse effects reported in chronic animal studies occur at higher concentrations than effects seen in
acute human exposures. For example, human irritation was reported at concentrations of 2.5-5 ppm for 15
minutes (Bhambhani and Singh, 1985), yet no effects on laboratory animals were observed at
concentrations up to 80 ppm for 90 days. This suggests either that humans are more sensitive to H,S, or
that the measurements in laboratory animals are too crude to detect subtle measures of irritation. However,
the uncertainty factor and HEC attempt to account for these interspecies differences.

VII. Data Strengthsand Limitations for Development of the REL

Hydrogen sulfide is the leading chemical agent causing human fatalities following inhal ation exposures.
Although lower concentration acute exposures have been quantitatively studied with human volunteers, the
dose-response relationship for human toxicity due to hydrogen sulfide exposure is not known. Thus, a
major area of uncertainty isthe lack of adequate long-term human exposure data. Subchronic (but not
chronic) studies have been conducted with several animal species and strains, and these studies offer an
adequate basis for quantitative risk assessment.

The strengths of the inhalation REL include the availability of controlled exposure inhalation studiesin
multiple species at multiple exposure concentrations, adequate histopathogical anaysis, and the observation
of aNOAEL.

Hydrogen sulfide has a strong unpleasant odor. The threshold for detection of this odor is low, but shows
wide variation among individuals. A level of 7 ng/m?, based on a 30 minute averaging time, was estimated
by a Task Force of the International Programme on Chemical Safety (IPCS) (1981) to not produce odor
nuisance in most situations. On the other hand, the current California Ambient Air Quality standard for
hydrogen sulfide, based on a1 hour averaging time, is 42 ng/m® (30 ppb).

Amoore (1985) analyzed alarge number of reports from the scientific literature and found that reported
thresholds for detection were log-normally distributed, with a geometric mean of 10 ng/m® (8 ppb).
Detection thresholds for individuals were reported to be log-normally distributed in the general population,
with a geometric standard deviation of 4.0, i.e. 68% of the general population would be expected to have a
detection threshold for hydrogen sulfide between 2.5 and 40 ng/m? (2 and 32 ppb). Sources of variation



included age, sex, medical conditions, and smoking. Training and alertness of the subject in performing the
test also affected the results.

Amoore (1985) drew attention to the difference between a detection threshold under laboratory conditions,
and the levels at which an odor could be recognized, or at which it was perceived as annoying. Analysis of
various laboratory and sociological studies suggested that alevel at which an odor could be recognized was
typically afactor of three greater than the threshold for detection, while the level at which it was perceived
as annoying was typically afactor of five greater than the threshold. Annoyance was characterized both in
terms of esthetic or behavioral responses, and by physiological responses such as nausea and headache. He
therefore predicted that, although at 10 my/m? (the proposed REL) 50% of the general population would be
able to detect the odor of hydrogen sulfide under controlled conditions, only 5% would find it annoying at
thislevel. At 50 ng/m?, 50% would find the odor annoying.

On this basis, the proposed REL of 10 nmy/m? (8 ppb) is likely to be detectable by many people under ideal
laboratory conditions, but it is unlikely to be recognized or found annoying by more than afew. Itis
therefore expected to provide reasonable protection from odor annoyancein practice. However, this
consideration cannot be entirely dismissed due to the wide inter-individual variation in sensitivity to odors.
Amoore (1985) also points out that many industrial operations generating hydrogen sulfide also generate
organic thiol compounds with similar, but even more potent odors (e.g., methyl mercaptan, butyl
mercaptan). Such compounds may in fact have detection thresholds as much as a hundred-fold lower than
hydrogen sulfide, so even minute quantities have a powerful impact on odor perception. Because of the
concurrent emission of these contaminants, the incidence of odor complaints near hydrogen sulfide
emitting sites correlated poorly with the levels of hydrogen sulfide measured in the affected areas.
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